INTRODUCTION
Coagulase-negative staphylococci are commonly isolated bacteria mixed with the more typical ocular flora, and can lead to major infections, including keratitis, conjunctivitis and endophthalmitis. These infections represent serious ocular conditions with significant sight-threatening consequences, particularly if aggressive, appropriate therapy is not instituted in a timely manner (1) (2) (3) (4) . In recent years, many new antibiotics and synthetic antimicrobial eye drops have been developed and used in the treatment of ocular infections. Any one of these, however, may alter drug sensitivity of bacteria on the ocular surface. There are many reports in the ophthalmic literature concerning infections due to methicillin-resistant coagulase-negative staphylococci (5) (6) (7) . The quinolones are one class of antibiotics that has been used to treat these infections, since their introduction into the ophthalmic community in 1991 (8) (9) . Ciprofloxacin and ofloxacin have soon achieved great acceptance in the treatment of ocular infections. These antibiotics (ciprofloxacin, ofloxacin, moxifloxacin and gatifloxacin) provide: broad-spectrum coverage against most aerobic gram-negative and gram-positive bacteria, low toxicity, safety, good ocular surface penetration, prolonged tear film concentration, stability at room temperature, and good availability (5, 10) . Unfortunately, recent reports of bacterial resistance to these second generation fluoroquinolones have had an impact on their acceptance, with a decrease in their use and the introduction of the fourth generation fluoroquinolones as an alternative to increase the spectrum of action, mostly against gram-positive cocci (5, (10) (11) (12) (13) (14) . Microbial resistance to fluoroquinolones is the result of genetic changes in one or more of four major bacterial mechanisms: enzymes for DNA synthesis; gyrase protecting proteins; cell permeability or drug efflux (15) . The 8-methoxyfluoroquinolones, gatifloxacin and moxifloxacin, have enhanced activity against gram-positive pathogens, thereby increasing the probability that strains resistant to the older fluoroquinolones will be susceptible. These newer fluoroquinolones are less prone to encourage the development of resistance on a number of fronts, primarily because of their higher activity against gram-positive pathogens, but for other reasons as well, such as the necessity of two mutations: one in the topoisomerase IV and a second in the DNA gyrase gene (12) . The purpose of this study was to evaluate and compare the antibiotic susceptibility results of CoNS isolated from eye infections at the Microbiology Laboratory of the Vision of Institute, Federal University of São Paulo, Brazil.
METHODS
Forty-three CoNS ocular isolates were studied and divided into two groups according to resistance to methicillin; these consisted of 21 methicillin-resistant organisms (3 endophthalmitis, 10 keratitis and 8 conjunctivitis) and 22 methicillin-sensitive organisms (11 endophthalmitis, 9 keratitis and 2 conjunctivitis).
Methicillin-resistance of the strains was determined by the Kirby-Bauer disk diffusion method using 1 µg oxacillin disk (Cecon, São Paulo, Brazil) according to the criteria of the Clinical and Laboratory Standards Institute (CLSI/NCCLS) (16) . Antibiotic susceptibility of each bacterial isolate to ciprofloxacin, ofloxacin, gatifloxacin and moxifloxacin was determined by two methods: Kirby-Bauer disk diffusion (Cecon, São Paulo, Brazil) and E-test (AB Biodisk, Solna, Sweden) (14) . Interpretation for susceptible and non-susceptible (intermediate and resistant) responses were in accordance with the criteria of the Clinical and Laboratory Standards Institute (CLSI/ NCCLS) document M100-S15, Vol. 25 Nº1NCCLS: ciprofloxacin S= <1 µg/ml, R= >4 µg/ml; ofloxacin S= <1 µg/ml, R= >4 µg/ml; gatifloxacin S= <0,5 µg/ml, R= >2 µg/ml; moxifloxacin S= <0,5 µg/ml, R= >2 µg/ml (16) . Minimal inhibitory concentration 90s (MIC 90 ) were determinated for each group, methicillin-resistant and methicillinsensitive coagulase-negative staphylococci.
The results were statistically evaluated by the MannWhitney and the Friedman tests. For all tested antibiotics, MIC values were statistically higher for the methicillin-resistant group than for the methicillin-sensitive group (p<0.05) ( Table 3) .
RESULTS
Comparing the MIC values for the four antibiotics by the Friedman test, those for ofloxacin were statistically significantly higher in both groups: ofloxacin > ciprofloxacin > (gatifloxacin=moxifloxacin) (p<0.001) ( Table 3) .
There was no statistically significantly difference between both groups comparing the resistance of the four antibiotics by the two methods (Tables 4 and 5 ). 
DISCUSSION
As has been well demonstrated in the infectious disease literature, resistant strains are developing with increasing use of an antibiotic (5) . As a result, periodic susceptibility surveys are important to detect emerging resistance patterns, which may become clinically significant.
In the here described study, we examined the in vitro susceptibility of coagulase-negative staphylococci to fluoroquinolone antibiotics. The MIC 90 values for the methicillinresistant group were higher then those for the methicillinsusceptible group. Both groups of staphylococci were more susceptible to gatifloxacin and moxifloxacin than they were to ciprofloxacin and ofloxacin.
The differences observed for the diffusion susceptibilities compared with the E-test results for CoNS could be explained by the fact that CLSI/NCCLS considers the standards for all drugs with no deterrents regarding the species. Probably in the future new studies would differentiate the level of antibiotic susceptibility based not on the group of CoNS but based on the species.
In 2002, Mather and colleagues determined the median MICs for 93 bacterial endophthalmitis isolates using the E-test approach. The results of the study demonstrated that comparing the median MICs for the fourth-generation agents, moxifloxacin was more potent than gatifloxacin against fluoroquinolone susceptible CoNS; and equally potent against fluoroquinolone-resistant CoNS (17) . Our results are supported by those of Stroman and associates, who similarly presented MIC data demonstrating the high potency of moxifloxacin (18) . Some authors studying bacterial keratitis isolates, found that fluoroquinolone-susceptible and resistant CoNS were equally susceptible to the second and fourth generation. The MIC of moxifloxacin was equivalent to that of gatifloxacin for fluoroquinolone-resistant CoNS. In our study, the MIC 90 was lower for gatifloxacin than that of moxifloxacin for MR CoNS, but equal for CoNS (13) (Tables 6 and 7 ). Other authors published that ocular S. epidermidis retrieved from conjunctivitis are clearly more susceptible to moxi- (19) . Fluoroquinolone antibiotics are concentration-dependent killers in that the MIC must be reached for the antibiotic to be effective. These values are based on CLSI/NCCLS criteria related to the drug concentration that is safely achievable in plasma, and do not reflect the concentration achievable with topical application. Therefore, some isolates classified as intermediate or resistant might be sensitive if the ocular tissue levels are much greater than those of serum. The CLSI/NCCLS standards indicate also that systemic penetration for effective therapy is similar among the fluoroquinolones tested in our study. It would thus be reasonable to assume that similar, perhaps even higher levels can be reached in the ocular tissues. If we assume that antibiotic concentrations in ocular tissues following topical administration are at least equivalent to (if not higher than) systemic penetration, the key parameter to consider in comparing antibiotic effectiveness is the MIC value: the antibiotic with the lowest MIC for a bacterial group would be the most potent. Furthermore, the most potent antibiotic would have the least chance of causing resistance because the concentration in the ocular tissues would less likely be sublethal.
Primary use of the newer fluoroquinolones in preference to use of the older fluoroquinolones provides the potential for helping to forestall the development of resistance, but this approach must be coupled with the overall strategy of avoiding indiscriminate use of and ensuring proper dosing with these antimicrobials (3) .
CONCLUSION
Our in vitro study suggests that the fourth generation fluoroquinolones are more potent than are the second and third generation fluoroquinolones against coagulase-negative staphylococci, particularly those resistant to methicillin. 
